Abstract. We compare velocities from near infrared lines with center-of-mass velocities for a sample of semiregular and irregular variables to search for indications for a convective blueshift. It is shown that a general blueshift is present but that the light variability is obviously not dominated by convective cells but rather by stellar pulsation. All stars of our sample show a similar shape and amplitude in the velocity variations. Long secondary periods are a common feature in these objects and strongly influence the measured velocity shifts. The star V366 Aql is found to be the first SRV showing line doubling.
Introduction
A basic understanding of pulsating stars stems from detailed measurements of brightness and radial velocity as a function of pulsation phase with a knowledge of distance required to calibrate these numbers. For the large amplitude AGB variable stars measurements of these quantities have proven difficult (see e.g. van Belle et al. 1996 and Hinkle 1978) . However, most AGB variables have small amplitudes, with visual amplitudes of only a few tenths of a magnitude to a few magnitudes. The periods of these "semi-regular variables" (SRVs), are typically in the range 30 to 200 days rather than a year or more for the large amplitude mira variables. The variation of the SRVs is typically less periodic than the miras, therefore these objects have been classified semiregular (SR) or irregular (Lb) variables. Semiregular variables are classically separated into two groups a and b. SRa variables show a rather well expressed periodicity and differ from the miras mainly in their smaller light amplitude. SRb stars show a less expressed periodicity. The SRVs have been recognized for a long time but good measurements of even the brightness variations are only recently available. As a result the mechanism causing their light (and velocity) variability remains poorly understood. Identification of this mechanism is important for defining the blue edge of the AGB instability region in the Hertzsprung-Russell diagram (HRD) (e.g. Gautschy 1999 ).
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Weak to moderate strength lines in the 1-2 µm infrared spectrum of AGBs have contribution curves (Edmonds 1969; Loidl et al. 1999) indicating formation in the "photosphere". Lines formed in the visual (e.g. Hinkle & Barnes 1979) and in the 4 µm range are formed in more extended atmospheric layers. Fortunately the near infrared is rich with weak to moderate strength lines, especially the CO ∆v = 3 vibration-rotational lines located around 1.6 µm. These lines have been used to probe stellar pulsation in miras (e.g. Hinkle et al. 1982) . The same lines have also been used to analyze SR and Lb variables by Hinkle et al. (1997) and Lebzelter (1999) .
The result of these investigations was that all miras exhibit similar velocity variations clearly correlated with the visual light cycle. The velocity curve is s-shaped and discontinuous with line doubling around maximum phase . This is an indicator of a shock front running through the atmosphere. All miras show a similar velocity amplitude ranging between 20 and 30 km s −1 . The semiregular and irregular variables investigated so far all show velocity amplitudes of a few km s −1 except for three stars (W Hya, X Oph, X Mon) which show velocity amplitudes of 10 to 15 kms −1 . However, the classification of these stars as SRVs is not clear.
To derive pulsational properties it is critical to set the measured velocities into relation with the systemic velocity. The most reliable source of center-of-mass (COM) velocities of AGB stars is radio measurement of circumstellar microwave lines of CO. However, for only a small number of the SRVs and Lbs investigated in the near infrared have microwave lines been detected. Comparing the infrared velocities of SR and Lb stars with known COM velocity Lebzelter (1999) found that the IR velocities are blue shifted for most or even all of the light cycle. Lebzelter suggested that this phenomenon might be the result of a convective blue shift similar to the blue shift caused by granules on the solar surface (Dravins 1987) or on F-G-K main sequence stars (Allende Prieto et al. 2002) but no final conclusion could be drawn from the existing data material. On the other hand, Wallerstein & Dominy (1988) found no systematic velocity shift in a sample of four SRVs. This difference may be explained as Wallerstein & Dominy used low excitation 2-0 CO lines instead of the second overtone lines. It has been shown that for miras (e.g. Hinkle et al. 1982 ) these lines are almost always found near the COM velocity. This was also found by Lebzelter (1999) for the SRV g Her. A significant problem is that the small number of objects does not allow an understanding of the blue shift detected in the sample of Lebzelter (1999) . Recently, Hinkle et al. (2002) have shown that the long period variations found in the light curves of a large fraction of SRVs are in many cases also present in the velocity variations. These variations have to be taken into account when analyzing this question.
The purpose of this paper is twofold: one goal is to study in more detail the observed blue shift in the velocity curves of semiregular variables. Due to the long periods of the stars velocity time series of individual objects was not a feasible way to attack the problem. Instead we measured the velocity of near infrared (NIR) CO lines for a large sample of stars with known center-of-mass velocities at two epochs. The second goal was to better characterize the shape and amplitude of the velocity variations. Both aspects are critical for understanding the variability mechanism in small amplitude variables.
Observations and data reduction

Definition of the sample
Our sample consists of two groups: a core sample was defined including variables of type SRa, SRb and Lb, for which a stellar velocity has been derived from circumstellar CO radio observations. We used the compilation published by Kerschbaum & Olofsson (1999) to select these stars. Kerschbaum & Olofsson estimate that the velocity values from the radio CO lines are uncertain by about 1 to 2 km s −1 , highly depending on the S /N ratio. Recent observations of three further SRVs (Olofsson et al. 2002) have been added to this list. The core sample consisted of 36 stars. 25 of them were observed at two epochs (see below).
The sample was extended by 34 further semiregular and irregular variables selected to cover a large range in period and amplitude. These stars were observed at two epochs to derive a lower limit for the amplitude of the velocity variation. A few further stars could be observed only once and will not be discussed in this paper. The whole sample is listed in Tables 1  and 2 .
Velocity data
High resolution (λ/∆λ ∼ 50 000) near infrared spectra of the program stars were obtained with the Phoenix spectrograph (Hinkle et al. 1998 ) mounted at the f /15 Cassegrain focus of the Kitt Peak National Observatory 2.1 m telescope. There were two observing runs (April 2000, July 2000) with seven usable nights in total. The observations consisted of ∼80 Å of spectrum centered at 15 620 Å. This wavelength region contains a selection of CO 5-2 and 6-3 s overtone lines and a number of Fe lines (Hinkle et al. 1995) . As mentioned above, these lines already have been used successfully for several previous velocity monitoring programs of AGB stars. For almost all stars we achieved a S /N ratio of 50 or better. The wavelength range selected is free of strong atmospheric lines. Wavelength calibration was done using primary velocity standard stars.
Stellar velocities have been measured by cross correlation of the sample stars with velocity standards using a slightly modified version of the program described in Lebzelter (1999) . Two to three velocity standards and a number of G and K giants as secondary standards have been observed several times during each night. Each primary standard was typically observed 4 to 5 times per night. Secondary standards were measured 1 to 4 times during the night. The standard stars are listed in Table 3 . The primary standards are IAU radial velocity standards taken from a list of Skuljan et al. (2000) . The derived velocities of the secondary standards are in good agreement with measurements found in the literature (Duflot et al. 1995; de Medeiros & Mayor 1999) . No velocity difference between the April and the July run was found for the G and K giants.
The velocity accuracy achieved was evaluated from the secondary velocity standards. From the spectral resolution and the use of the correlation technique one would expect a velocity resolution of about 100 to 200 m/s. However, as the Phoenix spectrograph was directly attached to the telescope, small shifts in the central wavelength during the night are inevitable. After careful data reduction the velocities of the secondary standards turned out to scatter by about 0.4 km s −1 within one run. The same scatter was also found when averaging over all nights. We therefore think that this value represents quite well the velocity uncertainty.
If more than one observation of a sample star was obtained during one of the runs, the velocities have been averaged. The scatter was in most cases similar to the scatter found for the secondary standards. Two stars showed a significantly larger scatter: CX Her (1.5 km s −1 ) and g Her (1.5 km s −1 ). As there is no indication of an error in the measurement of these stars, we assume that they varied within the three nights of an observing run. The resulting velocities at each epoch can be found in Tables 1 and 2 .
The star V366 Aql shows a spectrum different from the other stars in the sample. This object is discussed in detail in the appendix.
Photometric data
In the case of semiregular variables the mean period given in the General Catalogue of Variable stars (GCVS, Kholopov et al. 1985-88) is not necessarily representative for the variability at a given time (Lebzelter et al. 1995; Kiss et al. 1999; Kerschbaum et al. 2001) . To derive an approximate phase for the star, light curve monitoring parallel to the velocity observations is required. For 55 stars of our sample this monitoring was done with the Vienna Automatic Photometric Telescopes Kerschbaum & Olofsson 1999 (Col. 5 ) and the velocity from the two observing runs (Cols. 6 to 9) are listed. All velocities are heliocentric. Standard deviations are given in cases where more than one spectrum was obtained during an observing run. The number of observations is given in brackets. The period given is the period used in the analysis, i.e. modified from the literature value, if our own photometric data suggested a different period. Column 10 gives the V light amplitude from our APT data. Stars with a suspected second long period are marked in the last column (only for stars with APT data). Strassmeier et al. 1997) . Observations were taken in Johnson V. The monitoring covered a time span of 200 to 500 days. Typically, one data point was obtained every second night. The uncertainty of the measurements is of the order of 0.02 mag. Due to weather problems and limited access to the APT for this project, there are some gaps in the light curves. About half the sample was also part of a long time monitoring program at the APT so that much longer data sets exist for these stars (see e.g. Kerschbaum et al. 2001 for examples of the light curves obtained). The light curves were analyzed using Period98 (Sperl 1998) . If the derived "current" period differed significantly from the GCVS period, the APT period was used in the following data analysis instead. Where possible a period (i.e. a typical time scale of the variability) was also derived for the irregular variables. This allowed the inclusion of 9 irregular variables in the further analysis. In most cases the values we found for the SRVs were in good agreement with the GCVS values but for six stars a period strongly differing from the literature value has been found. Some of these cases are supported by other investigations (e.g. Kiss et al. 1999; Lebzelter & Kiss 2001) . Typical amplitudes of the light change of the short period variation have been derived and are listed in Tables 1 and 2 . The APT data also clearly showed the existence of long secondary periods in a large fraction of the variables of our sample. These cases are marked in the last column of Tables 1 and 2 . We will come back to this point later.
One clearly defined maximum or minimum close to the time of the two observing runs was selected to calculate phases. It has to be noted that these phases can still be somewhat erroneous as illustrated for the star RY CrB in Fig. 1 . The fit through the data is based on two periods of 87 and 981 days, respectively, which were indicated by Fourier analysis. The GCVS period of this star is 90 days, i.e. close to the smaller period derived. We therefore used a period of 90 days in the following analysis. However, Fig. 1 clearly shows the existence of a second, much longer period. The long periods found can have similar or even larger amplitudes than the corresponding short period. It is therefore not trivial to decide which is the relevant period for the phase calculation. Note that especially the long periods could not be determined very accurately due to the small time span of the photometric monitoring compared to the period length. Figure 1 also demonstrates that the light curve fit is far from perfect. It has been shown (e.g. Kiss et al. 1999; Kerschbaum et al. 2001; Lebzelter & Kiss 2001) , that a single period is in most cases not sufficient to reproduce the observed light curves. Both effects, long period and irregularities or multiperiodicity, limit the possibility to derive accurate phases for the stars of our sample.
Results
Velocity shift
First we want to compare the velocities measured in this study and the COM velocity listed in Table 1 . All together we obtained 60 measurements that we could compare to a COM velocity. The star τ 4 Ser shows an extremely large infrared to 50400 50600 50800 51000 51200 51400 51600 51800 52000 Yamashita & Maehara (1979) note the occurrence of peculiar Balmer emission lines in the spectrum of τ 4 Ser and suggest that this star is a close binary similar to CH Cyg. Binarity was also suggested by Young (1976) from radial velocity data. We therefore assume that the large velocity shift we observed is due to the orbital motion of the star within its system and exclude it from the further analysis. However, this star is definitely worth further investigation in order to reveal its nature.
From the remaining 24 stars which have been measured at two epochs, 16 objects or about 66% show in both measurements a velocity less than (i.e. blue shifted) or equal to the COM velocity. Among the stars measured only once 5 velocities are blue shifted and 5 are red shifted relative to the systemic (COM) velocity, in two cases the star's velocity matched the systemic velocity. No dependency of this result on the type of variability was found, but our sample included only 3 SRas, so that we could not derive any significant conclusions on that point. In Fig. 2 we plot the difference between the measured velocity at 1.6 µm and the COM velocity of the star. Phases have been determined as described above. Measurements from other papers (Hinkle et al. 1997; Lebzelter 1999) have been included with different symbols. Note that the data from these two previous papers represent only six different stars where velocity curves over one or several light cycles have been obtained.
Before we discuss this plot we want to recall the limitations in the accuracy of the data points in Fig. 2 . Problems in deriving the correct phase have been noted above already. An estimation of the size of this error is difficult as it is impossible to predict the exact behavior of the light curve in these stars. To limit the error as much as possible we used only those stars in this plot where a maximum or minimum was measured within one light cycle of the spectroscopic observations. This reduced the number of usable measurements from 62 to 41. As can be seen in Fig. 2 the remaining observations have been obtained at a wide variety of phases.
The uncertainty in the measured velocity is about 0.4 km s −1 . No systematic shifts between observing nights have been found. We therefore assume that the main uncertainty in the velocity shift comes from the COM velocity. The uncertainty given by Kerschbaum & Olofsson (1999) for COM velocities is about twice as large as the uncertainty of our measurements.
The plot reflects the findings already described. The majority of the measurements are blue shifted relative to the COM velocity. Two of the six previously discussed objects crossed the COM velocity. A similar fraction of the new data is found at positive velocity shifts (i.e. red shifted). Note that for one star from Hinkle et al. (1997) , SV Peg, no good phase information was available and it was therefore not included in the plot. This star showed phases of both blue and red shifted near-infrared lines, so that the fraction of objects crossing the COM velocity in the older sample is slightly higher than in the present sample. Figure 2 also reveals that the maximum difference between the systemic velocity and the near infrared CO lines in the present investigation is only about 4 km s −1 , significantly smaller than the shifts found for some stars in the earlier papers. The blue shift in the new data is much less obvious than in the old ones. The median of the differences of measured and systemic velocity for the old data is about −3.1, while the new data give only −0.8.
Four of the seven stars previously observed were reobserved during the Phoenix observing runs in 2000. Two stars, RV Boo and g Her were observed in spring 1995 and 1996 (Lebzelter 1999 ) and always show blue shifted CO 1.6 µm lines. During the observing runs in 2000, the velocities of g Her were still smaller than the COM, while for RV Boo one spectrum was blue shifted and one red shifted. Between 1996 and 2000 Hinkle et al. (2002) measured the velocity of g Her several times with a few measurements larger than the COM velocity. For the other two stars, SV Peg and W Cyg, the earlier measurements were obtained in 1984 to 1985 (Hinkle et al. 1997) . The most interesting case is W Cyg, a star with puzzling velocities in the 1980s that were shifted from the COM velocity by 3 to more than 6 km s −1 . The velocities obtained in 2000 are much closer to the COM velocity. This supports the idea already suggested in Hinkle et al. (1997) that the velocities of this object are dominated by a long period variation.
Velocity curve
The data on the seven stars investigated previously suggested a typical shape of the velocity curve of SRVs : the star reaches the most positive velocity around light minimum and the most negative velocity during maximum phase. This is in agreement with the comparison of light and velocity curves for individual stars presented by Lebzelter et al. (2000) . While the new data roughly fit into this picture, an investigation of these data alone would not have suggested a general shape for the velocity curve this clearly. On the other hand for almost all stars where we have two observations the same tendency is seen, i.e. when the star changes from maximum towards minimum the velocity increases. This suggests that long secondary periods introduce an additional scatter in the velocity shifts plotted in Fig. 2 hiding the typical shape of the velocity curve of the semiregular and irregular variables (see below).
The maximum absolute velocity differences found for the stars of our sample scatter rather continuously between 0 and 4 km s −1 (excluding τ 4 Ser). As pointed out above this shift includes not only the short period but also the long period variation. Ignoring the latter effect the typical amplitude of the velocity variation in SRVs would then be about 7 to 8 km s −1 (see Fig. 2 ). This about a factor of 2 larger than what was found for the majority of the SRVs that have been monitored over a whole light cycle (see Lebzelter 1999) . We conclude that the total velocity amplitude is increased by the long period variations by about the same amount as the short period pulsations.
We studied the velocity variations further by using the extended sample (Table 2 ). The mean velocity difference for individual objects between April and July 2000 was 1.5 km s −1 , i.e. clearly larger than the velocity error. The shift was on the average slightly larger for the extended sample compared to the core sample. This may be due to the on average longer periods of stars in the core sample, resulting in a smaller mean phase difference between the two observing runs. For the following discussion we will no longer separate the core sample from the extended sample. Figure 3 shows the velocity difference between the two epochs of observation against the period. The two arrows mark a period of 87 and 174 days, respectively, which is one and two times the difference between the April and the July run. For stars with a period of 87 days the two measurements correspond to observations separated by one cycle, while for stars with a period of 174 days half a light cycle has passed between the two phases. Accordingly, one can see a trend of rising velocity difference in the period range from 87 to 174 days. Here the typical shape of the velocity curve of semiregular and irregular variables is much better defined than in Fig. 2 .
Five stars are separated from this trend. They are all found at periods between 150 and 200 days and at a small velocity difference. Two of these objects, AY Vir and RX Boo, may be explained by incorrectly reported or changed periods. For RT Vir and Y UMa our light curve data give some hint that during the observed light cycle the visual amplitude was lower than typical for these two stars. This may be reflected in a smaller velocity change.
A number of objects can be seen in the upper left corner of Fig. 3 , i.e. stars with short periods and large velocity differences. This would suggest a similar velocity amplitude for stars in the period range from 50 to 200 days. We restricted Fig. 3 to periods below 250 days. A few objects of our sample could therefore not be plotted. The stars with periods greater than 250 days all show a velocity difference of more than 1 km s −1 . RS CrB (P = 332 d ) has a velocity difference of 4 km s −1 . The GCVS period has been confirmed by Kiss et al. (1999) who found the star to be monoperiodic. Variations with the same period have been seen in the velocity curve by Hinkle et al. (2002) , who found a total velocity amplitude of about 6 km s −1 . The time difference between the two observations corresponds to a phase difference of 0.26. The results for this star are therefore in good agreement with earlier results. This may be a hint of a slight increase in the velocity amplitude towards longer periods.
Conclusions
The aim of this paper was to look for a possible blue shift of second overtone NIR CO lines, and to characterize the velocity variations in semiregular and irregular variables with the help of a large sample of stars. We summarize our results:
-We confirm an asymmetry of the NIR velocity curve relative to the center-of-mass velocity. Contrary to earlier investigations a significant number of SRVs and Lbs show velocities redshifted relative to the center-of-mass velocity. -The typical SR velocity curve is continuous with an amplitude of approximately 3-4 km s −1 . The velocity curve has a maximum around light minimum.
-No difference has been found in the behavior of the three subclasses of variables SRa, SRb and Lb. -All SRVs show a similar spectrum in the 1.6 µm range at all phases, which is clearly different from the very phase dependent mira spectra. An exception is the star V366 Aql which deserves further investigation (see appendix). -Photometric evidence shows that multiple periodicity is very common among the SRVs. This complicates analysis of individual velocities or short time series of velocity measurements.
These results allow a number of conclusions: first, it can be excluded that large convective cells on the surface explain the light change of these stars in general. Lebzelter et al. (2000) have argued that if the movement of large convective cells is responsible for the variability of SRVs, one would never observe a velocity larger than the systemic velocity. As red shifted CO NIR lines have been observed in these stars we exclude this explanation. Other investigations (e.g. Lebzelter et al. 2000; Wood 2000 ) support the pulsation scenario, too. On the other hand, the role of long period variations is not clear yet (see below). The shape and the asymmetry of the velocity curve is different from that of mira variables (e.g. . In miras (ignoring line doubling) the material is red shifted for the larger part of the light cycle. As discussed e.g. in Lebzelter et al. (1999) this type of velocity curve can be reproduced by multiple shells at different distances from the pulsation driving zone. The shape of the velocity curve of SRVs is completely different from the discontinuous velocity curves found in miras. Despite the fact that emission lines have at some time been reported for several of the SRVs in our sample we did not find any indications of line doubling in these stars. Figure 2 also suggests rather a continuous than a discontinuous velocity curve for SRVs, although, of course, a different shape of the curve cannot be excluded for some individual objects (e.g. W Hya). A tempting, but as yet unprovable explanation for these differences is the mode of pulsation. Most SRVs are believed to be overtone pulsators while miras are fundamental mode pulsators (Wood 2000) .
We can estimate the typical blue shift in SRVs and Lbs to about 1 km s −1 resulting from the mean value of the velocity shifts measured in this investigation. This is in agreement with the results from Lebzelter (1999) . As we noted above, older data suggested a much larger blueshift. We think that the older data slightly overestimated the typical blue shift for the following reasons: The old dataset consists of measurements of seven objects. For one of them, SV Peg, most of the available velocity data are redshifted resulting in a redshifted velocity curve. Note that this star is not included in Fig. 2 as we do not have simultaneous light curve data. Two more stars of the old sample, g Her and RV Boo, show a blueshift of about 1.1 km s −1 , i.e. very close to the mean value found from the new data. The blueshift for W Hya (Hinkle et al. 1997 ) is also probably overestimated due to insufficient phase coverage (see Fig. 9 in Lebzelter et al. 2000) . For the remaining three stars of the old sample, W Cyg, X Mon and RU Cyg, phase coverage is sufficient to exclude that the blueshift of these objects at that time has been derived incorrectly. The example of W Cyg illustrates the strong influence of long period variations on the measured radial velocity. As noted above the velocity of this star obtained during the Phoenix observing runs in 2000 is much closer to the center of mass velocity than the old data. We therefore propose that the outstanding velocity shift in these stars is due to an extraordinary large amplitude long period velocity variation. However, it would be necessary to have a more complete phase coverage for a larger sample of stars to pin down the size of the blueshift more accurately.
The origin of the long period variation has been recently discussed by Wood (2000) and Hinkle et al. (2002) . According to Wood two explanations are likely -orbital motion in a binary system or strange pulsation modes caused by an interaction of pulsation and convection. Long time velocity monitoring of a small sample of SRVs presented by Hinkle et al. (2002) favours pulsation. We estimate that the long period variations have a typical amplitude of the order of 4 km s −1 . Taking into account the three extreme cases mentioned above, this amplitude may be even of the order of 6 km s −1 , i.e. larger than the typical velocity amplitude of the short period variability. Long period variations are present in a large fraction of the semiregular and irregular variables.
Most of the semiregular and irregular variables are pulsating on a short period time scale of about 50 to 300 days. The velocity amplitude is about 3 to 4 km s −1 . No clear dependency of the velocity amplitude with period could be detected. It is possible that this is the result of the strong irregularities in the light curves of these stars. As in the case of determining the period it would be necessary to monitor the velocity variations over a long time to find a possible correlation of velocity amplitude and period. Hinkle et al. (1997) have argued that a correlation between period and velocity amplitude may exist. Our results do not support correlation for SRVs with periods below about 250 days and velocity amplitudes below 5 km s −1 but we can not rule out such a correlation for SRVs with larger periods and larger velocity amplitudes. However, the number of SRVs with large velocity amplitudes is small.
Our investigation confirms the existence of a general blue shift of the average velocity. This blue shift can be attributed to either the short or the long period variations. The approach with observations at only two epochs does not allow a final decision on this question. However, the size of the blue shift found for SRVs and Lbs is similar to the convective blueshift in K giants (Allende Prieto et al. 2002) . Understanding this blue shift is critical for the study of outflow dynamics and mass loss properties in these stars. As a first step this paper provides the typical value for this shift.
